Essential oil of Thymus aureopunctatus (Beck) K. Malý, obtained by hydrodistillation and headspace technique, was subjected to capillary GC-MS analysis, and its volatile composition was compared with essential oil profile of Thymus serpyllum L. and a botanically undetermined thyme species, Thymus spp., all growing wild in the same habitat in Bosnia and Herzegovina. This paper presents the first report on phytochemical analysis of the rare T. aureopunctatus species, and also the first report on headspace analysis of plants belonging to the genus Thymus. One hundred and two volatile constituents were identified. The investigated Thymus species of Bosnian origin clearly belong to the thymol-chemotype with relatively abundant level of this main constituent varying from 30.5% for T. serpyllum, and 34.5% for T. aureopunctatus, to 44.2% for Thymus spp., while their corresponding headspace samples contain very high percentage of p-cymene, thymol biosynthesis precursor, in the range from 29.1% to 68.1%.
Among the aromatic plants belonging to Lamiaceae family, the genus Thymus is noteworthy for the numerous wild species and cultivated plants. In addition to its' well known culinary and industrial use it is also known for medicinal purposes such as antispasmodic and antimicrobial properties [1] .
Thymus essential oils show a widespread chemical polymorphism. The mountainous plants of Thymus, with their small leaves and pink-white or purple flowers, present an almost unprecedented diverse taxonomy and chemistry. In recent years, many reports have been published concerning the chemical compositions of Thymus essential oils [2] [3] [4] [5] [6] [7] . The qualitative composition and the relative proportions of the oil components are widely influenced by the genotype, the ontogeny, and the environmental and growing conditions [8] [9] [10] [11] . The chemical polymorphism of Thymus species is not only limited to the main components, determining the specific chemotype, but also oil components can vary, dependent on several factors, accounting for quality variation.
Comparison of several methods for the isolation of volatile compounds from aqueous model systems revealed headspace (HS) is very dependent on the volatility of aroma compounds, whereas simultaneous distillation-solvent extraction gives good recoveries [12] . From the theoretical point of view, HS-GC analysis might be more easily correlated to the sensory analysis of aroma rather than GC analysis of the aroma concentrates from distillation or extraction with solvent [13] .
In light of the above, it seemed necessary to evaluate chemical composition of the volatile constituents obtained by hydrodistillation and headspace technique from three Thymus populations growing wild in the same habitat, under similar environmental conditions.
The present work represents the first phytochemical analysis of Thymus aureopunctatus (Beck) K. Malý, (synonym: Thymus richardii ssp. richardii Pers.), a rare species according to the categorization of the (IUCN) [14] . Volatile composition of T. aureopunctatus was compared with essential oil NPC Natural Product Communications Identified compounds in Thymus species studied with their relative percentages and retention indices are given in Table 1 . Volatile constituents identified in hydrodistilled essential oils of studied Thymus species account 96.6-99.1% of the oil, and 93.1-99.3% of headspace samples, in total. Exactly, one hundred and two components were identified in six samples.
Thymus aureopunctatus essential oil had the highest yield of oil, 0.85% based on dry weight of the plant material, but its heterogeneity was the lowest. Thirtyone chemical constituents were identified in its hydrodistilled oil (1-HD), and nineteen compounds in headspace sample (1-HS). Major constituents of the oil were thymol (34.5%) and thymol methyl ether (23.6%), while p-cymene (68.1%) was the predominant compound in the headspace.
Hydrodistilled oil obtained from T. serpyllum (2-HD) is typical thymol-chemotype essential oil, with thymol (30.5%) as the major component, following monoterpene alcohols borneol (13.5%) and linalool (12.9%). Seventy-seven volatiles were identified in this sample. The yield of oil based on the dry weight of the plant material was 0.42%. Headspace obtained from this species (2-HS) contained sixteen components, with high yield of p-cymene (42.0%), while thymol was not detected.
Essential oil content of Thymus spp. (3-HD) was 0.76% of dry weight of the plant material. Fifty-three components were identified, with thymol (44.2%) and α-terpinyl acetate (14.0%) as the most abundant constituents. Headspace sample of this species (3-HS) was rich in p-cymene (29.4%) and α-terpinyl acetate (21.9%). Twenty-six compounds were found in this sample.
The capillary GC/MS analysis showed that major constituents of the oils in our study were aromatic compounds, represented by monoterpene phenols (44.2-61.8%), following by oxygenated monoterpenes (11.9-33.7%), of which alcohols being the most abundant class of compounds (10.8-32.2%). Dominant compounds in headspace samples were monoterpene hydrocarbons (42.7-74.3%), with p-cymene as the principal constituent (29.1-68.1%).
Analysis of essential oil composition of the T. aureopunctatus revealed this species clearly belongs to the thymol-chemotype, like many members of Thymus genus, but its aroma profile significantly differs from the headspace profile of common T. serpyllum and Thymus spp.
In contrast to similarity in total phenolic content of essential oil that plays an important role in the chemotaxonomy and overall biological activity of the plants of genus Thymus, these essential oils significantly differ in next abundant constituents, being thymol methyl ether, 23.6% (T. aureopunctatus), borneol, 13.5% and linalool, 12.9% (T. serpyllum), and α-terpinyl acetate, 14.0% for (Thymus spp.). High percentage of α-terpinyl acetate in essential oil and headspace (21.9%) of Thymus spp., comparing to volatiles of T. aureopunctatus, confirms this plant is a unique species that requests further chemotaxonomic investigation. This oxygenated monoterpene is not an unusual constituent of the essential oils obtained from some other plants belonging to the genus Thymus [15] [16] [17] .
To the best of our knowledge, there has no published data on phytochemical analysis of T. aureopunctatus, and the only available records were found about essential oil composition of T. serpyllum. This common species of Bosnian origin was found to be of typical thymol-chemotype, which is in agreement with the data published earlier for this species from other regions of Balkan Peninsula [18, 19] . However, literature survey showed remarkable differences in the chemical composition of the essential oil of T. serpyllum collected from the other parts of Eastern Europe having (E)-nerolidol, caryophyllene oxide, myrcene and borneol [20, 21] , 1,8-cineole and caryophyllene oxide [22] , and germacrene B and (E)β-ocimene [23] as the major components of the essential oil, respectively. All above mentioned reports confirm that essential oils from genus Thymus show significant chemical polymorphism, even on infra-specific level.
Essential oil profiles of three Thymus species from Bosnia and Herzegovina are typical for the species belonging to the genus Thymus, known as genus common for the thymol-chemotype. In addition, use of headspace analysis emphasized the importance of choosing the appropriate method for the isolation of Sample preparation: Air-dried plant material (10 g) of each individual was subjected to hydro-distillation for 2 hours. The essential oils were extracted with dichloromethane and dried over anhydrous sodium sulphate. Floral and leaf scent was collected using dynamic headspace sorption on Dräger charcoal tubes #6728631 (trapping time: 2 hours), with sorption agent coconut shell charcoal. Trapped volatiles were eluted with dichloromethane. All samples were stored for two days at 4°C in the dark until analysis. The percentage content of the oils was calculated on the basis of the dry weight of plant material.
Gas chromatography-mass spectrometry (GC-MS):
GC-MS was carried out on a Hewlett-Packard 6890 Series II gas chromatograph fitted with a fused silica HP-5 (5% phenyl methyl siloxane) capillary column (30 m x 0.25 mm, 0.25 μm film thickness), coupled to a HP 6890 Series II mass selective detector (MSD). Column temperature was programmed from 60°C to 240°C at 3°C min -1 , and helium was used as carrier gas (1.1 mL min -1 ). Other operating conditions were as follows: inlet pressure 9.43 psi, injector temperature 250°C, detector temperature 280°C, split ratio 1:25, injection volume 1 μL. Ionization of the sample components was performed in the EI mode, (70 eV), with scan range 20-555 amu, and scan time 1.60 s.
Qualitative and quantitative analysis:
The linear retention indices, RI, for all compounds were determined by injection of the hexane solution containing the homologous series of C 8 -C 26 n-alkanes [24] . The identification of the essential oil constituents was accomplished by the visual interpretation, comparing their retention indices and mass spectra with literature data [25] , by computer library search (HP Chemstation computer library NBS75K.L, NIST/EPA/NIH Mass Spectral Library 2.0 and Mass Finder 3 Computer Software and Terpenoids Library), and in the laboratory own database. Compounds concentrations (as % content) were calculated by integrating their corresponding chromatographic peak areas (TIC mode).
